INTRODUCTION
When sound waves propagate in an elastic tube of rubber-like material, the tube wall vibrates in response to inner pressure, and the consequent motion causes the generation of velocity dispersion and sound energy dissipation. Such geometrical dispersion has been investigated theoretically and experimentally by many researchers up to this time. Recently a series of works were done by Guelke and Bunn.1-3) They used electrical-acoustical analogy and transmission line theory to simulate sound wave propagation in tubes, and derived an equivalent circuit of tube using the distributed element model. Based on their study,1-3) Capper et al. estimated the compliance of a tube wall using the acoustic input impedance method, and proposed a possible application to measurements of dynamical properties of the large airways of the lungs in human being.° In the above-mentioned works, they treated single-layered tube and assumed that the tube has thin wall for theoretical simplicity.
However, the actual airway has complex organization and has a finite thickness.
To approach the problem of sound propagation in complex organized tube, the present paper deals with the wave mechanism in a viscoelastic tube of multi-layered material. Equations (5) and (23) =(r2-r1)/2d2 are the normalized thickness, and d1 =(r0+r1)/2 and d2=(r1+r2)/2 are the mean radii (The equations for finite thickness of the tube wall are described in the Appendix. Fig. 2 Block diagram of the experimental apparatus. Table 1 Dimensions and density of the rubber tubes.
was measured by the transit time of signal between the points A and C. The absorption coefficient was also measured by the ratio of pressure amplitudes at the points A and B.
The phase velocity and absorption coefficient of both tubes are shown in Fig. 3 . Solid and shortdashed lines are the best-fitted curves based on Eqs. (25) Table 2 Elastic constants r and 7), and mechanical constants Cm, Rm, and M of the rubber tubes. Adequate experimental arrangement should be needed for perfect comparison with the theory.
CONCLUSION
Coupling mechanism between sound waves in a viscoelastic tube and the tube wall vibration due to internal pressure has been investigated theoretically and experimentally.
The phase velocity and sound absorption in silicone and natural rubber tubes were measured and were compared with the theory.
They were in relatively good agreement for single-layered tube. However, satisfactory agreement was not observed for two-layered tube probably because of insufficient arrangement of the experiment. 
